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INTERESTS AND EXPERTISE. ACHIEVEMENTS

Information Mechanics. Foundations and physical aspects of computing. Theory of cellular automata.
Interconnection complexity, synchronization. Formal models of computation consistent with microscopical
physics (uniformity, locality, reversibility, inertia and other conservation principles, variational, relativistic,
and quantum aspects of computation). Proved the computation-universality of invertible cellular automata
(1977); formulated the conjecture (later proved by Kari) that all invertible cellular automata are structurally
invertible (1990). Introduced the “Toffoli gate” (1981), which was later adopted by Feynman and others as
a fundamental logic primitive for quantum computation. Proposed, with Fredkin, the first concrete charge-
conserving scheme for computation (1980)—an idea that has been taken up by the low-power industry in
recent years. Proved that dissipative cellular automata algorithms can be replaced by nondissipative lattice-
gas algorithms (2006–2009). Advances in quantum information theory and thermodynamics (2006–2010).

Fungibility of bulk computation; connections between lagrangian action and computation capacity (1998–).

Fine-grained architectures for massively parallel computation. Pioneering work on cellular au-
tomata machines: design, realization, support, and applications (1982). Development and realization (with
Norman Margolus) of cam8, a fine-grained, indefinitely scalable multiprocessor architecture which embodies
the concept of programmable matter (1987–1993). Methodology for the use of these architectures in mate-
rials science simulations and in the exploration of a variety of parallel computation schemes. Design and
realization of simp/step, a software engine and IDE for Programmable Matter, with Ted Bach (2002-04).

Connections between microscopic dynamical processes and macroscopic phenomenology. Dis-
crete models of processes traditionally described in continuous terms; pioneered the idea of lattice-gas
hydrodynamics (1985). Correspondence principles bewteen microscopic combinatorics and macroscopic
computational properties; emergent computation. Physical modeling approaches that take advantage of
massively parallel, fine-grained computational resources. Certain aspects of neural networks.

Image manipulation and three-dimensional rendering based on fine-grained autonomous dynamics (1995).
Servoing of microscopic dynamics to pattern recognition: simulated staining, texture-locked loops.

Knowledge structuring. As part of an effort aimed at developing a Knowledge Engineering curriculum,
created and taught a new graduate course, “Personal Knowledge Engineering” (2007-09). Collaborated
with the BU Earlab on brain modeling project (2002–2008). Working (since 1998) on a broad initiative,
called Personal Knowledge Structuring, which aims to make it possible for ordinary people to effectively use
the computer to expand their personal capabilities—an extension of literacy. The strategy is to develop an
integrated suite of cultural and computer resources and a pilot community for the support and dissemination
of this discipline.



Brief curriculum

1961 BA, Liceo–Ginnasio Virgilio, Rome, Italy.

1965 Scholarship from National Health Institute,
Rome, Italy: digital electronics, measurement,
and measurement processing.

1967 Doctor of Physics, University of Rome, Italy,
with a thesis on “A wide-angle directional
detector of cosmic-ray muons, utilizing the
Čerenkov effect.”

1969 Fulbright–Hays scholarship. Research on self-
replicating programs and structures, Case In-
stitute of Technology.

1970 Research and PhD program in the Comp.
Comm. Sci. Dept., The University of Michi-
gan. Teaching Fellowships and Research As-
sistantships from said department.

1972 Five-year contract as Research Associate at
the Institute for the Applications of Computa-
tion, National Research Council, Rome, Italy.
Design methodology for computer models of
large water-resource systems. Techniques for
interactive model construction and treatment.
Special-purpose compilers. Image processing
in problems of landscape contour. Techniques
for branch-and-bound optimization. Identifica-
tion of optimal data structures for operations
research problems.

1973 Translated and adapted Robert Gagné’s book
Learning and Individual Differences, Merrill
1967, for the Italian publisher Armando.

1975 Contract renewed for five years as Full Re-
searcher. Structural manipulation of nonlinear
optimization models. Consulting work for the
School of Water Resources Management, Cata-
nia, Italy, and the Italian National Electricity
Agency (ENEL).

1976 Resumed doctoral program at The University
of Michigan. Research on uniform dynamical
systems, cellular automata, reversible compu-
tation, and physical aspects of computation.

1977 PhD in Computer and Communication Sci-
ence, The University Michigan, with a thesis
on “Cellular Automata Mechanics.”

1978 Research Associate at the MIT Laboratory for
Computer Science. Reversible computation,
conservative logic, semi-intelligent control.

1981 Organization of the seminal “Physics of Com-
putation” conference,” MIT Endicott House
1981.

1982 Design and construction of squareland, a
high-performance cellular automata machine.
Artificial intelligence techniques in robotics
and control. Organization of the “First Infor-
mation Mechanics Workshop,” BVI.

1983 Design and construction of improved cellu-
lar automata machines (cam2, cam3, cam4).
Nondissipative computation in classical and
quantum systems. Modeling of differential
equations by combinatorial processes. Orga-
nization of an interdisciplinary workshop on
“Cellular Automata,” Los Alamos National
Laboratories. Consulting for DEC and IBM.

1984 Physical modeling by cellular automata. Pro-
duction of cam5. Organization of the “Second
Information Mechanics Workshop,” BVI.

1985–86 Work on the generalization to an infor-
mation mechanical context of physical con-
cepts such as temperature, energy, and ac-
tion. Design, development, and supervision of
the commercial production of cam6—a high-
performance cellular automata machine in-
tended as an integrated laboratory for cellu-
lar automata experimentation. Initial design
of cam7, a large three-dimensional cellular au-
tomata multiprocessor. Lattice-gas models of
fluid dynamics.

1986 Principal Research Scientist at the MIT Lab-
oratory for Computer Science. Book: Cellular
Automata Machines—A new environment for
modeling (with Norman Margolus). Organiza-
tion of the “Cellular Automata ’86” conference
(with Charles Bennett and Stephen Wolfram).

1987–88 Theoretical work on statistical mechanics
and relativity in a cellular-automaton context.
Functional design of cam8—a large cellular au-
tomata mutiprocessor for Tera-events/sec.



1989 Three-year contract with DARPA for the final
design and construction of cam8, in collabora-
tion with Norman Margolus. System and chip
design, simulation, and testing.

1992 First operational cam8 units. Collaborations
with various groups on applications of the
cam8 architecture (meteorology, real-time 3D
image manipulation and rendering, digital sim-
ulation).

1993 Further work on cam8 applications. New
three-year contract with ARPA for research on
“Nanoscale Parallel Computation.” Organiza-
tion (with Bennett, Penrose, and Zurek) of a
“Quantum Computation” workshop.

1994 New three-year contract with ARPA on
“cam8: Moving Toward Ultimate Computa-
tion” (coPI with N Margolus). Development of
general techniques for three-dimensional mod-
eling in cam8: (a) simulation of continu-
ous, long-range forces by integration of im-
pulses; (b) “space-time crystallography,” or
rational register-allocation criteria in discrete
lattice models. Development of basic image-
processing techniques in the cam8 environ-
ment: optimal contrast enhancement, 3D ro-
tations by shears. Organization of a second
workshop on “Quantum Computation.”

1995 Appointed Research Associate Professor in
the Electrical, Computer and Systems Depart-
ment, Boston University. Co-organizer of a
third workshop on “Quantum Computation”
(Turin, Jun 1995).

1996 General Chairman of the “Fourth Workshop
on Physics and Computation,” Boston Univer-
sity, 22–24 Nov 1996. Co-organizer of a fourth
workshop on “Quantum Computation” (Turin,
Jun 1997). Research in Programmable Mat-
ter (device physics, architectures, and software
methodology aimed at exploiting atomic scale
computational resources). A new course on
“Hands-on embedded microcomputers.”

1997 Started a research group on “Programmable
Matter,” with two graduate students, with par-
tial support from a new grant from the Insti-
tute for Scientific Interchange, Turin, Italy and
an older NSF grant. Contract with MIT Press
for a book, Introduction to Programmable

Matter. Co-organizer of a fifth workshop on
“Quantum Computation” (Turin, Jun 1997).

1998 A new approach to the quantification of com-
putational resources: computation capacity
and its connections with Lagrangian action (a
combinatorial justification of the variational
principles of mechanics). Co-organizer of a
sixth workshop on “Quantum Computation”
(Turin, Jun 1998). Launch of the Personal
Knowledge Structuring initiative with an in-
vited address at the “History and culture in
technology” conference in Turin, Italy. A num-
ber of pilot projects in this context.

1999 Exploration of concepts, contact, and fund-
seeking for the knowledge structuring (personal
and corporate) program. Design of a syllabus
for a proposed course in Knowledge Structur-
ing. First attempts to characterize a depart-
mental effort in knowledge engineering.

2000 Appointed Associate Professor of Electrical
and Computer Engineering. Cycle of lectures
at ISI (Turin, Italy) on “Knowledge Structur-
ing: The substance of Information Technol-
ogy.”

2001 Definition of the Knowledge Home initiative:
motivation, approach, and agenda. Prepara-
tion for a charter workshop; probing and can-
vassing for interest and support. Further de-
velopment of the simp/step integrated envi-
ronment for cellular automata and lattice gas
modeling.

2002 Organized and ran the charter workshop
“Knowledge Home 2002,” under the sponsor-
ship of ISI, Turin, to publicly present the
Knowledge Home initiative and gage its recep-
tion; collected consensus and offers of serious
support. Started a collaboration with the Ear-
lab Project (Biomedical Engineering), with the
aim to contribute knowledge engineering ex-
pertise and discipline to the project.

2003 Work on the maximum speed of quantum
gates, with L Levitin. Miniworkshop on the
Knowledge Home in Trento, Italy. Designed
a new graduate course, “Personal Knowledge
Engineering.”

2004 Teaching again the new course, now in the BU



catalog as SC726. Proposal writing in the Per-
sonal Knowledge Engineering area. Work on
the foundations of quantum mechanics.

2005 Launch of the simp/step platform for cellular
automata and lattice gases. Continuing col-
laboration with the Earlab project, with the
goal to systematize and partially automate the
classification of neurons and their interconnec-
tions, especially in the auditory system.

2006 Collaboration with Lev Levitin on the ther-
modynamics of computation. In collaboration
with the University of Rome, advances on a
problem concerning the replaceability of cel-
lular automata algorithms by lattice-gas algo-
rithms.

2007 Design of a “Spartan Environment,” bypass-
ing desktop burdens, for SC726. Thermody-
namic cost of reversible computing.

2008 Breakthrough in translating conventional dis-
sipative computational schemes into equivalent
schemes that, while still needing a thermal
sink, do not need more energy than that avail-
able in the input data.

2009 Integration of the Spartan Environment with
Ubuntu and Latex. Proved, with Levitin, that
the unified bound on the rate of quantum dy-
namics is tight.

2010 Introducing elements of Spartan Program-
ming and Literate Documentation in SC726.
An original paper on the origins of probability.

2011 Started work on a book, Evolution Regained,
for Cambridge University Press, in collabora-
tion with Prof. Gregg Jaeger.

2013 Collaboration with Prof. Roscoe Giles on the
development of the EC440 Operating Systems
course. Introduction to this course and to
other BU projects of the RaspberryPi Linux
board, as an operating system workbench and
a general-purpose embedded computer for stu-
dent projects. Continued writing the Evolution
Regained book. Work on a more general defini-
tion of “entropy of a system” that fully satisfies
the desiderata of information theory as well as
of thermodynamics.

2014 Wrote a seminal (and gone viral) paper, “En-
tropy? Honest!” on the real nature of entropy

and the second law of thermodynamics, among
other things proving that any dynamical sys-
tem (and so not necessarily physical) satisfies
the second law if and only if its dynamics is
invertible—no more and no less!

2017 to present Continuing working on the evolu-
tion book. Progress on identifying evolution
in general (not only biological) as a manifes-
tation of an emergent system that has entered
a runaway regime, which for thermodynamical
reasons must eventually end—with a fizzle or a
bang. Also, as a challenge to the Artificial Life
community, a paper, “Waiting for the rapture:
what can we do with computers to (hopefully)
witness the emergence of life? (Natural Com-
puting conference, 2017.)



Scientific societies

1. IEEE Fellow.

2. Member of Sigma Xi, The Scientific Research
Society of North America.

3. Member of the Mathematical Association of
America.

4. Member of IEEE Computer Society.

Editorial and scientific boards

1. Member of the editorial board of Journal of
Quantum Information Science.

2. Member of the editorial board of Journal of
Cellular Automata.

3. Member of the editorial board of the journal
Complex Systems.

4. Member of the editorial board of International
Journal of Unconventional Computing.

5. Member of the editorial board of Journal of
Quantum Information Science.



Research grants

2008 Share in a Biomedical Engineering grant NIH $56, 000
2007 Share in a Biomedical Engineering grant NIH $56, 000
2006 Share in a Biomedical Engineering grant NIH $56, 000
2005 Share in a Biomedical Engineering grant NIH $56, 000
2004 Share in a Biomedical Engineering grant NIH $56, 000
2003 Share in a Biomedical Engineering grant NIH $53, 000
2002 Share in a Biomedical Engineering grant NIH $53, 000
2000 Personal Knowledge Structuring ISI $50, 000
1999 Programmable Matter Methods DOE ≈ $340, 000
1999 Personal Knowledge Structuring ISI $14, 000
1997 Paths to Programmable Matter ISI $25, 000
1995–97 Information Mechanics NSF $180, 000
1994 Nanoscale Parallel Computation DARPA $670, 000
1992–95 cam8 (Renewals and extensions, with N. Margolus) DARPA ≈ $180, 000
1989–91 cam8: A Uniform, Scalable, General-Purpose Cellular Automata

Architecture for Tera-events/sec
DARPA $2, 809, 300

1987 Cellular automata algorithms IBM ≈ $80, 000
1983–85 Information Preserving Models of Physics and Computation DOE $330, 000
1982–84 Information Preserving Dynamics NSF ≈ $300, 000
1980 Design principles for achieving high-performance submicron

digital technologies (with E. Fredkin as PI) DARPA ≈ $90, 000

Patents and disclosures

1. “Three-dimensional interconnect having stack-
ing modules with orthogonal geometry” (inven-
tion disclosure, 24 March 1997).

2. “Multidimensional Cellular Data Array Pro-
cessing System which Separately Permutes
Stored Data Elements and Applies Transfor-
mation Rules to Permuted Elements” (inven-
torship in the name of N. Margolus, rights to
MIT, inventor’s royalties to be shared between
N. Margolus and T. Toffoli)

3. “A high-performance cellular automata ma-
chine” (licensing rights transferred to MIT in
exchange for a more favorable royalty-sharing
contract, 1986).



Teaching

Boston University

2012/13 EC440 Operating Systems (w/ Roscoe Giles)

2009/10 SC726 Personal Knowledge Engineering
EK130 Memorable experiments

2008/09 SC726 Personal Knowledge Engineering
EK130 Memorable experiments

2007/08 SC726 Personal Knowledge Engineering
EK130 Programming via Python

2006/07 SC726 Personal Knowledge Engineering
SC450 Microprocessors

2005/06 SC700 Personal Knowledge Eng. Projects
SC450 Microprocessors
EK130 Memorable experiments

2004/05 SC450 Microprocessors
EK130 Memorable experiments
SC910 Project (design of a hovercraft)

2003/04 SC726 Personal Knowledge Engineering
SC450 Microprocessors
EK130 Memorable experiments

2002/03 SC700 Personal Knowledge Engineering
SC450 Microprocessors

2001/02 SC700 How to make a computer language
SC450 Microprocessors

2000/01 SC450 Microprocessors

1997/98 SC451 Directed study
SC466 Senior Project

1996/97 EK130 Hands-on microcontrollers

Massachusetts Institute of Technology

1981 Information mechanics

1979 Structure and evaluation of computer pro-
grams.

1978 Introduction to microcomputers.

Institute for Scientific Interchange, Turin,
Italy

2000 Cycle of lectures on “Knowledge Structuring:
The substance of Information Technology.”

Math. Department, University of Cosenza,
Italy

1991 Fine-grain parallel computation (cycle of 10
seminars).

The University of Michigan

1976 Theory of automata.

1975 Found. computer and communication science.

1970, 1975 Introduction to computer program-
ming.

School for water resources manag., Catania,
Italy

1974 Introduction to Operations Research.

Students: MS and PhD advisees

1. Ahmad Katerji, achieved PhD in Fall 2008 with
a thesis on the “Stuctured display of neurolog-
ical database information.”

2. Ted Bach, achieved PhD in 2006 with a thesis
on “A rational framework for programmable
matter.”

3. ZacWalton, achieved a PhD in 2004 with a the-
sis on “Noise-immune entangled-photon quan-
tum cryptography.”

4. Silvio Capobianco, achieved PhD in Math-
ematics at the University of Rome “La
Sapienza” in 2005. I had been his advisor since
2003, and had him as a Visiting Scientist at BU
for a term in 2004. I still very actively collab-
orate with him.

5. Brian Rossa, left for employement with
Lockheed–Martin in 2004 after one term in the
PhD Program.

6. Morteza Navabi, achieved an MS in 2009.

7. Lan Hu, achieved an MS in 2003.

8. Lee Lichtenstein, achieved an MS in 2003.



Publications

Books

1. Toffoli, Tommaso, and Norman Margolus, Cel-
lular Automata Machines—A New Environment for
Modeling, MIT Press 1987; translated into Russian as
Mashiny Kletochnykh Avtomatov, Izdatelstvo “Mir”
1991.

2. Califano, Andrea, Norman Margolus, and Tom-
maso Toffoli, CAM6 User’s Guide, Automatrix,
Inc., PO Box 196, Rexford, NY 12148-0196, 1987..

Proceedings editor

1. Toffoli, Tommaso, (ed.), Digital Perspectives, pro-
ceedings of an NSF (Washington) conference, special
issue of Int. J Theor. Phys., 42:2 (Feb 2003).

2. Toffoli, Tommaso, and Michael Biafore (ed.),
Physics and Computation 1996, North–Holland 1998.

3. Toffoli, Tommaso, Michael Biafore, and João
Leão (eds.), PhysComp96, New England Complex
Systems Institute 1996.

4. Gruska, Josef, Tommaso Toffoli, Hiroshi Umeo
and Roland Vollmar (eds.), Cellular Automata,
Dagstuhl–Seminar 9510, March 1995, Schloss
Dagstuhl, Saarbrücken, Germany.

5. Bennett, Charles, Tommaso Toffoli, and Stephen
Wolfram (eds.), “Cellular Automata ’86 Confer-
ence,” Tech. Memo MIT/LCS/TM-317, MIT Lab. for
Comp. Sci. (December 1986), reprinted in Complex
Systems 1:1/2 (1987).

6. Farmer, Doyne, Tommaso Toffoli, and Stephen
Wolfram (ed.), Cellular Automata, North–Holland
1984.

7. Landauer, Rolf, Edward Fredkin, and Tommaso
Toffoli (eds.), Physics of Computation, proceed-
ings of an MIT (Endicott House) conference, special
issues of Int. J Theor. Phys., 21:3/4, 21:6/7, and
21:12 (1982).

Papers in refereed journals

1. Toffoli, Tommaso, ‘Waiting for the rapture: what
can we do with computers to (hopefully) witness the
emergence of life?” Natural Computing, 42pp, in
press (Oct 2017).

2. Toffoli, Tommaso, “Entropy? Honest!” Entropy
18:7 (Jun 2016), 247.

3. Levitin, B Lev, and Tommaso Toffoli, “Heat-to-
work conversion by exploiting pairwise correlations

of quantum particles,” Int J Theor. Phys. 50:12 (Dec
2011), 3844–3851.

4. Capobianco, Silvio, and Tommaso Toffoli, “Can
anything from Noether’s theorem be salvaged for dis-
crete dynamical systems?” in Unconventional Com-
putation 2011, Springer (Lecture Notes in Comp.
Sci.) 2011, 77-88.

5. Capobianco, Silvio, and Tommaso Toffoli, “Dis-
sipative CA computation without power sources?” J
Cellular Automata 5 (2010), 169–183.

6. Toffoli, Tommaso, Postscript to “Challenges in cel-
lular automata theory” (Andrew Adamatzky et al),
J Cellular Automata 5 (2010), 405–407.

7. Toffoli, Tommaso, “Conceptual background for the
quad Prize,” J Cellular Automata 5 (2010), 409–414

8. Toffoli, Tommaso, “Lattice-gas vs cellular au-
tomata: the whole story at last,” J Cellular Au-
tomata 4 (2009), 267–292.

9. Levitin, B Lev, and Tommaso Toffoli, “The fun-
damental limit on the rate of quantum dynamics: the
unified bound is tight,” Phys. Rev. Lett. 103, 160502
(2009).

10. Toffoli, Tommaso, Silvio Capobianco, and Pa-
trizia Mentrasti, “When—and how—can a cellular
automaton be rewritten as a lattice gas?” Theoreti-
cal Computer Science 403 (2008), 71–88.

11. Levitin, B Lev, and Tommaso Toffoli, “Thermo-
dynamic cost of reversible computing,” Phys. Rev.
Lett. 99 (2007), 110502.

12. Levitin, Lev B., and Tommaso Toffoli, “Informa-
tion between quantum systems via povms,” Int. J
Theor. Phys. 44:11 (Nov 2005), 1987–1992.

13. Levitin, Lev, Tommaso Toffoli, and Zac Wal-
ton, “Information and distinguishability of ensem-
bles of identical quantum states,” Int. J Theor. Phys.
44 (2005), 965–970.

14. Levitin, Lev, Tommaso Toffoli, and Zac Wal-
ton, “Maximum speed of quantum gate operation,”
Int. J Theor. Phys. 44 (2005), 965–970.

15. Toffoli, Tommaso, “Nothing makes sense in com-
puting except in the light of evolution,” Int. J Un-
conventional Computing 1 (2004), 3–29. Lead article
in the premiere issue.

16. Toffoli, Tommaso, Patrizia Mentrasti, and Sil-
vio Capobianco, “A new inversion scheme, or how
to turn second-order cellular automata into lattice
gases,” Theor. Comp. Sci. 325 (2004), 329–344.



17. Toffoli, Tommaso, “Honesty in inference,” review
of ET Jaynes’ book Probability Theory: The Logic
of Science, in Am. Scientist 92 (2004), 182–185.

18. Toffoli, Tommaso, “A pedestrian’s introduction to
spacetime crystallography,” IBM J Res. Devel. 48:1
(Jan 2004), 13–29.

19. Toffoli, Tommaso, “A digital perspective and the
quest for substrate-universal behavior,” Int. J Theor.
Phys. 42 (2003), 147–151.

20. Toffoli, Tommaso, “On a plucked string,” College
Math. J 34 (2003), 390–393.

21. Toffoli, Tommaso, “What is the Lagrangian count-
ing?” Int. J Theor. Phys. 42 (2003), 363–381.

22. Toffoli, Tommaso, “How much is used punched
tape worth?”, submitted to Mathematical Magazine,
requested revisions in progress.

23. Toffoli, Tommaso, and Ted Bach, “A common
language for ‘programmable matter’ (cellular au-
tomata and all that),” AI*IA Notizie (Bulletin of the
Italian Artificial Intelligence Association) 14:2 (Jun
2001), 32.

24. Toffoli, Tommaso, “Self-powered dummy loads
check out multiple power supplies,” Electronic De-
sign 48:8 (17 Apr 2000), 118–120.

25. Toffoli, Tommaso, “Programmable matter meth-
ods,” Future Generation Computer Systems 16
(1999), 187–201

26. Toffoli, Tommaso, “Quo vadimus?—Much hard
work is still needed,” Physica D 120 (1998), 1–11.

27. Kotiuga, Robert, and Tommaso Toffoli, “Poten-
tial for computation in micromagnetics via topolog-
ical conservation laws,” Physica D 120 (1998), 139–
161.

28. Toffoli, Tommaso, “How much physics is just com-
putation?” Superlattices and Microstructures 23
(1998), 381–406.

29. Toffoli, Tommaso, and Jason Quick, “Three-
dimensional rotations by three shears,” Graphical
Models and Image Processing 59 (1997), 89–96.

30. Toffoli, Tommaso, “Almost every unit matrix is
a ULU,” Linear Algebra and Its Applications 259
(1997), 31–38.

31. Toffoli, Tommaso, “Occam, Turing, von Neumann,
Jaynes: How much can you get for how little? (A
conceptual introduction to cellular automata),” The
Interjournal (October 1994).

32. Toffoli, Tommaso, and Margolus, Norman,
“Programmable matter,” Int. J High Speed Comput-
ing 5 (1993), 155–170.

33. Toffoli, Tommaso, review of Complex System Dy-
namics (GWeisbuch), Am. Scientist 80 (1992), 500-
501.

34. Smith, Mark, Yaneer Bar–Yam, Y Rabin, B Os-
trovsky, S Glotzer, H Stanley, C Bennett,
N Margolus, and T Toffoli, “Parallel Processing
Simulation of Polymers,” in Computational Polymer
Science 1992.

35. Toffoli, Tommaso, and Margolus, Norman,
“Programmable matter,” Physica D 47 (1991), 263–
272.

36. Toffoli, Tommaso, and Norman Margolus, “In-
vertible Cellular Automata: A Review,” Physica D
45 (1990), 229–253.

37. Bennett, Charles H, Norman Margolus, and
Tommaso Toffoli, “Bond-energy variables for Ising
spin-glass dynamics,” Phys. Rev. B 37 (1988), 2254.

38. Toffoli, Tommaso, “Information Transport Obey-
ing the Continuity Equation,” IBM J Res Develop
32:1 (Jan. 1988), 29–36.

39. Toffoli, Tommaso, Norman Margolus, and R
Fiorini, “Macchine ad automi cellulari,” PIXEL 8:9
(Sep 1987), 23–32.

40. Margolus, Norman, and Tommaso Toffoli, “Cel-
lular Automata Machines,” Complex Systems 1
(1987), 967–993.

41. Margolus, Norman, Tommaso Toffoli, and
Gérard Vichniac, “Cellular-automata supercomput-
ers for fluid-dynamics processing,” Phys. Rev. Lett.
56 (1986), 1694–1696.

42. Toffoli, Tommaso, “Comment on ‘Dissipation in
Computation’,” Phys. Rev. Lett. 53 (1984), 1204.

43. Toffoli, Tommaso, “Cellular automata as an alter-
native to (rather than an approximation of) differ-
ential equations in modeling physics,” Physica D 10
(1984), 117–127.

44. Toffoli, Tommaso, “cam: A high-performance
cellular-automaton machine,” Physica D 10 (1984),
195–204.

45. Fredkin, Edward, and Tommaso Toffoli, “Con-
servative Logic,” Int. J Theor. Phys. 21 (1982), 219–
253. Reprinted in Collision Based Computing (An-
drew Adamatzky ed.), Springer 2002, 47–81.

46. Toffoli, Tommaso, “Physics and Computation,”
Int. J Theor. Phys. 21 (1982), 165–175.

47. Pallottino, Stefano, and Tommaso Toffoli, “An
efficient algorithm for determining the length of the
longest dead path in a lifo branch-and-bound ex-
ploration schema,” ACM Trans. Math. Software 7
(1981), 498–504.



48. Toffoli, Tommaso, “Bicontinuous extension of re-
versible combinatorial functions,” Math. Syst. The-
ory 14 (1981), 13–23.

49. Pallottino, Stefano, and Tommaso Toffoli,
“PREMPS: A precompiler for large, multiperiod
linear-programming models,” Informatica 7:1 (Jan–
Mar 1977), 39–53.

50. Toffoli, Tommaso, “Computation and construction
universality of reversible cellular automata,” J Comp.
Syst. Sci. 15 (1977), 213–231.

Book chapters; refereed proceedings; encyclo-
pedias articles

1. Levitin, Lev B, and Tommaso Toffoli, “Informa-
tion retrievable from an image in natural light,” Ad-
vances in Computing, Communications, & Informa-
tion (4th IEEE ICACCI conference), 2015.

2. Capobianco, Silvio, and Tommaso Toffoli, “Can
anything from Noether’s theorem be salvaged for dis-
crete dynamical systems?” in “Proc. 10th Int. Conf.
Unconventional Computation 2011” (Turku, Finland,
June 6–10), Springer (Lecture Notes in Computer
Science) 2011, 77-88.

3. Toffoli, Tommaso, “Probability is a lot of logic at
once: if you don’t know which case to pick, take ’em
all),” lead chapter of Randomness through Compu-
tation (H Zénil ed.), World Scientific 2010, 27–47.

4. Calude, CS, Gregory Chaitin, Edward Fredkin, T
Leggett, R de Ruyter, Tommaso Toffoli, and
Stephen Wolfram, “What is computation? (How)
does nature compute?” (panel discussion), in Ran-
domness through Computation (H Zénil ed.), World
Scientific 2010, 255–298.

5. Toffoli, Tommaso, “Foreword” to Simulating Com-
plex Systems by Cellular Automata (Alfons Hoekstra
et al., ed.), Springer 2010.

6. Levitin, Lev B, and Tommaso Toffoli, “The uni-
fied bound on the rate of quantum dynamics,” in
Quantum Communication Measurement and Com-
puting (QCMC’08), Am. Inst. Physics 2010, 13–16.

7. Levitin, Lev B, and Tommaso Toffoli, “Energy
dissipation in reversible computing,” in Quantum
Communication, Measurement and Computing, (O
Hirota, JH Shapiro, and M Sasaki, eds.), NICT
Press 2007, 125–128.

8. Levitin, Lev, and Tommaso Toffoli, “Thermody-
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